During the course of screening for new antibiotics, we reported tensidoles A and B as the potentiators of miconazole activity from the culture broth of Aspergillus niger FKI-2342. 1) Further investigation of the culture broth led to discovery of new six compounds designated tensyuic acids A to F. In this study, we describe the isolation, structure elucidation and biological properties of tensyuic acids. All tensyuic acids were found to be new alkylitaconic acid derivatives.
Results

Isolation of Tensyuic Acids from the Culture Broth of Aspergillus niger FKI-2342
To the 6-d old culture broth (20 l) was added acetone (20 l). After the acetone extracts were filtered and concentrated, the resulting aqueous solution was extracted with ethyl acetate (20 l). The ethyl acetate layer was dried over Na 2 SO 4 and concentrated in vacuo to dryness to yield an oily material (20.4 g). The material was dissolved in a small volume of CHCl 3 , applied on a silica gel column (80 g, 3.4ϫ18 cm, 70-230 mesh, Merck), and eluted stepwise with 100 : 0, 100 : 1, 75 : 1, 50 : 1, 25 : 1, 1 : 1, and 0 : 100 (v/v) of CHCl 3 -CH 3 OH solvents (1000 ml each). The antimicrobial activity was observed in the 50 : 1 fraction, which was concentrated to give a brown material (579.0 mg). The material was purified by HPLC; ODS column (20ϫ250 mm, Pegasil, Senshu Sci. Co., Tokyo, Japan), a 50-min linear gradient from 20 to 55% CH 3 CN in 0.05% CF 3 COOH, 8.0 ml/min, and UV at 210 nm. Under the conditions, tensyuic acids A to F were eluted as peaks with retention times of 28.0, 28.4, 35.2, 40.8, 42.0 and 24.0 min, respectively (Fig. 2) . Each peak was collected and concentrated to yield tensyuic acids A (7.3 mg), B (5.5 mg), C (7.3 mg), D (15.0 mg), E (3.8 mg) and F (6.8 mg) as pale yellow syrup.
Physico-chemical Properties Physico-chemical properties of tensyuic acids A to F are summarized in Table 1 . Similarity in their data indicated that they are structurally related. All compounds showed the same absorptions at 201-207 nm in the UV spectra. Their IR spectra showed absorptions at 3482-3448 and 1737-1716 cm Ϫ1 , suggesting the presence of hydroxyl acid groups.
Structural Elucidation Tensyuic Acid A: The molecular formula of tensyuic acid A was determined to be C 11 H 16 O 6 on the basis of HR-FAB-MS measurement ( Table  1) H COSY and HMBC spectra revealed the partial structure I (Fig. 3) . showed that the partial structure I was linked to two Omethyl moieties (Fig. 4) . Furthermore, C-1 should be a free carboxylic acid from the IR spectrum and the molecular formula. Taken together, the structure of tensyuic acid A was elucidated as shown in Fig. 1 .
Tensyuic Acid B: The molecular formula (C 12 H 18 O 6 ) of tensyuic acid B was CH 2 bigger than that of tensyuic acid A ( Table 1 ). The 13 C-NMR spectrum (in CDCl 3 ) showed 12 resolved signals, which were classified into one methyl carbon, five methylene carbons, one sp 2 methylene carbon, one methine carbon, one sp 2 quaternary carbon and three carbonyl carbons by analysis of DEPT spectra. The 1 H-NMR spectrum (in CDCl 3 ) showed five methylene signals, one methine signal, one sp 2 methylene signal and one methyl signal. Analysis of the (Fig. 6 ). The chemical shift of C-11 (d 179.2) was found to shift to the lower field than that of the corresponding methylated calboxylic acid C-9 (d 173.3) of tensyuic acid A, resulting in its assignment as a free carboxylic acid. Thus, the structure of tensyuic acid B was elucidated as shown in Fig. 1 .
Tensyuic Acid C: The molecular formula (C 13 H 20 O 6 ) of tensyuic acid C is CH 2 bigger than that of tensyuic acid B. The calboxylic acid C-9 (d 173.9) was ethylated in tensyuic acid C, while methylated in tensyuic acid B (the partial structure III in Fig. 7) . The cross peak from 12-H 2 (d 4.05) to C-9 was observed in the HMBC experiments to confirm the position (Fig. 7) . The molecular formula supported this structure. Thus, the structure of tensyuic acid C was elucidated as shown in Fig. 1 . Tensyuic Acid D: The molecular formula (C 13 H 20 O 6 ) of tensyuic acid D is CH 2 bigger than that of tensyuic acid B. The different part was that the calboxylic acid C-11 (d 173.6) is methylated in tensyuic acid D (the partial structure IV in Fig. 7) . The cross peak from 12-H 3 (d 3.63) to C-11 was observed in the HMBC experiments to confirm the position (Fig. 7) . The molecular formula supported this structure. Thus, the structure of tensyuic acid D was elucidated as shown in Fig. 1 .
Tensyuic Acid E: The molecular formula (C 14 H 22 O 6 ) of tensyuic acid E is C 2 H 4 bigger than that of tensyuic acid B. The difference lay in the alkyl chain length. It was C 2 H 4 longer than that of tensyuic acid B. The structure was confirmed by the 1 H-1 H COSY and HMBC experiments (Fig. 7) . Thus, the structure of tensyuic acid E was elucidated as shown in Fig. 1 .
Tensyuic Acid F: The molecular formula (C 11 H 16 O 6 ) of tensyuic acid F is C 2 H 4 smaller than that of tensyuic acid C. The difference lay in the alkyl chain length between them. It was C 2 H 4 shorter than that of tensyuic acid C. The structure was confirmed by the 1 H-1 H COSY and HMBC experiments (Fig. 7) . Thus, the structure of tensyuic acid E was elucidated as shown in Fig. 1 .
Biological Properties Tensyuic acid C showed moderate antimicrobial activity only against B. subtilis (inhibition zone: 10 mm at 50 mg/disk). All the other tensyuic acids showed no inhibition zone against the microorganisms tested at 50 mg/disk.
Discussion
The structures of tensyuic acids A to F were elucidated in this study, and they were found to belong to the itaconic acid family. Several alkylitaconic acids have been reported. Hexylitaconic acid was isolated from Aspergillus niger K-88 as a plant growth regulator.
2) In addition, it was also isolated from a saltwater culture of sponge-derived Asperpillus niger, 3) from marine endophytic fungus Apiospora montagnei 4) and from Penicillium striatisporum. 5) Ceriporic acids from white rot fungus Ceriporiopsis subvermispora, were reported as the inhibitor of the production of a cellulolytic active oxygen species and of the iron redox reactions. 6, 7) All these structures were itaconic acids having a long alkyl or alkenyl side chain, but no alkylic acid chain in the R position (Fig. 1) . To our knowledge, tensyuic acids are the first itaconic acid derivatives having the ester carboxyl moieties at the end of the alkyl side chain. As shown in Table  1 , all the tensyuic acids have low [a] D values (Ϫ6.0-ϩ4.9). The [a] D values of structurally related hexylitaconic acid and ceriporic acid A have not been reported. Therefore, the stereochemistry of these compounds remains to be studied.
Among them, tensyuic acid C showed moderate antimicrobial activity only against B. subtilis. When compared the activity with other itaconic acid related compounds, tensyuic acid C showed much weaker activity. Recently, hexylitaconic acid was isolated from Arthrinium sp. as an inhibitor of p53-HDM2 interaction. 8) However, all tensyuic acids showed no inhibitory activity in the p53-HDM2 interaction even at 250 mg/ml (Dr. Tsukamoto, personal communication). 
